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SummarySummary

�� SCC  Review SCC  Review

�� EMAT and Approach  Review EMAT and Approach  Review

��Lab SetupLab Setup

��Lab  ResultsLab  Results

��Summary and Future WorkSummary and Future Work
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DOE EMAT Project GoalsDOE EMAT Project Goals

��Prototype ILI  system to detect and gradePrototype ILI  system to detect and grade
Stress Corrosion Cracking  (SCC) In GasStress Corrosion Cracking  (SCC) In Gas
PipelinesPipelines
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What’s the problem ?What’s the problem ?

Difficulties Posed By SCCDifficulties Posed By SCC
��Axially orientedAxially oriented

��Narrow (sometimes less open than .01”)Narrow (sometimes less open than .01”)

��Can occur in families of short cracksCan occur in families of short cracks

��Can be filled with corrosion materialsCan be filled with corrosion materials

��On outside of the pipeOn outside of the pipe
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What’s the problem ??What’s the problem ??
Difficulties Posed By GasDifficulties Posed By Gas
��No contact gives poor to no acoustic couplingNo contact gives poor to no acoustic coupling

Difficulties in the pipeDifficulties in the pipe
��WearWear

��Must discriminate among other kinds of defectsMust discriminate among other kinds of defects

��Voluminous dataVoluminous data
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SCC Example 2SCC Example 2
Axial SCC Families



ApproachApproach

T R

SCC

Transmitter 
EMAT

Incident wave and reflection 
measurement

Receiver
EMAT

R
Transmission measurement

Receiver
EMAT

Excite acoustic Excite acoustic guidedguided waves (nearly trapped modes) waves (nearly trapped modes)

Measure their transmission and reflection amplitudesMeasure their transmission and reflection amplitudes

Excite and receive with Excite and receive with EMATsEMATs

Use different waves (modes), of which theUse different waves (modes), of which the

Energy concentration of each mode differs through the wallEnergy concentration of each mode differs through the wall

To enable defect grading & discriminationTo enable defect grading & discrimination
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Two Kinds of Generic Modes:Two Kinds of Generic Modes:
SH and SV Vibration WavesSH and SV Vibration Waves

SH

SV

Propagation
Direction

Particle Motion
(strains)

��Both have strong crack interactionsBoth have strong crack interactions
��SH Advantages (in theory)SH Advantages (in theory)
oo   Less attenuation due to in plane motion)  Less attenuation due to in plane motion)
oo   Simple crack interactions; less conversion to other modes  Simple crack interactions; less conversion to other modes
oo   No or less dispersions  No or less dispersions
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EMAT :EMAT :
  Electro-MagneticElectro-Magnetic AcousticTransducer AcousticTransducer

��Launches  ultrasonic waves in Launches  ultrasonic waves in metalmetal
��Doesn’t need contact or fluid coupling but shouldDoesn’t need contact or fluid coupling but should

be be close to close to the conducting surfacethe conducting surface
��Good for detecting/evaluating defectsGood for detecting/evaluating defects

Can launch shear wavesCan launch shear waves
Easy to obtain circumferential directivityEasy to obtain circumferential directivity

��A difficult technology, unlike A difficult technology, unlike piezopiezo
                  Due to:Due to:

          Low efficiency          Low efficiency
          High power requirements          High power requirements
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ElectroMagnetic AcousticElectroMagnetic Acoustic
Transducer (EMAT)Transducer (EMAT)

��EMAT requiresEMAT requires
oo Static magnetic bias fieldStatic magnetic bias field

ooCoupling coil driven byCoupling coil driven by

ooAC (moderate freqs.) coil power for AC magnetic fieldAC (moderate freqs.) coil power for AC magnetic field

ooMaterial excited  Material excited  msutmsut be electrically conducting be electrically conducting
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Two Kinds of EMAT PhysicsTwo Kinds of EMAT Physics
Lorentz
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Lorentz  Lorentz  EMATEMAT

MAGNETEMAT coil
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Magnetostrictive  Magnetostrictive  EMATEMAT

EMAT coil

N S

Dynamic field, Hd

Bias field, Hb

Effective field, Heff

Magnetostriction, Hd

Field Axial or Circumferential in Pipe Plane
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EMAT ChallengesEMAT Challenges
��Choice of Lorentz or MagnetostrictiveChoice of Lorentz or Magnetostrictive

��Choice of wave modes to probe withChoice of wave modes to probe with
oo Frequency and transducer parametersFrequency and transducer parameters

ooGood SNR and crack sensitivity for pipesGood SNR and crack sensitivity for pipes

ooAttenuations & dispersion (from coatings)Attenuations & dispersion (from coatings)

��Practical aspects for pigsPractical aspects for pigs
oo Sensitivity to standoff and materialsSensitivity to standoff and materials

ooWear & reliabilityWear & reliability

oo Peak power requirementsPeak power requirements

oo Speed effectsSpeed effects
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DOE EMAT Project GoalsDOE EMAT Project Goals
��Phase 1Phase 1

��Optimize & Optimize & practicalizepracticalize EMAT EMAT
sensor/measurement with lab worksensor/measurement with lab work

��Mouse and Mule pull tests & related systemsMouse and Mule pull tests & related systems
developmentdevelopment

��Phase 2Phase 2
��Prototype ILI  system for SCCPrototype ILI  system for SCC

��Test/ evaluate in a customer lineTest/ evaluate in a customer line
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Lab Systems ImprovementsLab Systems Improvements
�� Conformable, more efficient coils (in house)Conformable, more efficient coils (in house)

�� Efficient, low noise coupling and amplificationEfficient, low noise coupling and amplification

�� SNRsSNRs:    SV1=80   SH0=20:    SV1=80   SH0=20

�� Magnetic biasing and instrumentation nowMagnetic biasing and instrumentation now
provide flexibility for investigationsprovide flexibility for investigations

Conformable
 EMAT Coils
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Lab WorkLab Work

��Basic transducer parameters  & sensitivity,Basic transducer parameters  & sensitivity,
��SNR, Insertion Loss, Liftoff sensitivity, SNR, Insertion Loss, Liftoff sensitivity, BeamwidthBeamwidth

��Man-made crack interactionsMan-made crack interactions
��Transmission and reflectionTransmission and reflection

��SCC interactionsSCC interactions
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EMAT Lab GeometryEMAT Lab Geometry
 ( (PlanarTestingPlanarTesting ) )

��Transmit and receive Transmit and receive EMATsEMATs

��Transducer sensitivity evaluationsTransducer sensitivity evaluations

��Crack reflections and transmissionCrack reflections and transmission

�� Side reflectionsSide reflections

T R

Machined crack

Transmitter 
EMAT

Receiver
EMAT

R

Receiver
EMAT



© 2001 Tuboscope

Sv1 @470kHz, EMAT to EMAT response, live signal
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Best Modes to Pursue at this timeBest Modes to Pursue at this time
��Magnetostrictively generatedMagnetostrictively generated

       Magnetic bias separate from the coil       Magnetic bias separate from the coil
                             Implies lighter , simpler transducer head Implies lighter , simpler transducer head
       Skin depth  saturation  >  simpler bias schemes       Skin depth  saturation  >  simpler bias schemes
       SH  >  Axial magnetizer        SV  >  Circumferential       SH  >  Axial magnetizer        SV  >  Circumferential

��SV1SV1
      Best SNR,      Best SNR,
      Demonstrated crack sensitivity      Demonstrated crack sensitivity

��SH0SH0
      Low dispersion & attenuation,      Low dispersion & attenuation,
      Recommended crack for  interaction      Recommended crack for  interaction

��Other modes not as appealingOther modes not as appealing
       Too low or high in frequency or too long wavelength       Too low or high in frequency or too long wavelength
       May have too much attenuation or modal interferences       May have too much attenuation or modal interferences
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Man-made Crack InteractionsMan-made Crack Interactions

Transmission and reflection coefficients results for SV1
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Modal measurements & sensitivitiesModal measurements & sensitivities
(liftoff, tilt, beam width)(liftoff, tilt, beam width)

��Has a wide beam  (both advantage &Has a wide beam  (both advantage &
disadvantage)disadvantage)

                Low spreading and low axial sampling                Low spreading and low axial sampling
               Reduced short crack sensitivity and resolution,               Reduced short crack sensitivity and resolution,

��No side lobesNo side lobes
��Lift off sensitiveLift off sensitive

                        1 or 2 mm of liftoff1 or 2 mm of liftoff

��Some tilt sensitivitySome tilt sensitivity



Possible EMAT ConfigurationPossible EMAT Configuration
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SCC Scan For SV1 TransmissionSCC Scan For SV1 Transmission

scope capture of transmitted signal across defect
F93
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 SCC Defect Scans SCC Defect Scans

Conventional US acousticConventional US acoustic

ANDSCANANDSCAN  image image

SV1 (470 kHz) Thru Transmission
   Strong effects seen so far !!

sig am
p

0.00

0.20

0.40

0.60

0.80

1.00

1.20

0
50

10
0

15
0

20
0

25
0

30
0

sig am
p

A
xial

D
istance

Transmission Coefficient

0 .5 1



© 2001 Tuboscope

SCC Scan For SV1 ReflectionsSCC Scan For SV1 Reflections

0 5E-5 0.0001 0.00015 0.0002 0.00025 0.0003 0.00035 0.0004 0.00045 0.0005

-6

-4

-2

0

2

4

6

Time  (s)

 A
m

p
lit

u
d

e 
 (V

)

Response from defects
in specimen

direct signal

1st reflection
from near edge

1st reflection
from far
edge

2nd reflection
from near
edge

A
x
i
A
l

Circumferential

Defect F93
70mm x 60 mm
15 -20%

Scanning direction: distance
scanned 250mm (10 in), in
10 steps of 25mm (~1in) –
gives 11 waveforms

200mm
(~8 in)

Xmit      Rcvr
EMAT heads

380mm
(~15 in)



© 2001 Tuboscope

Pig Prototype CircuitsPig Prototype Circuits
��Pig preamp compact prototypesPig preamp compact prototypes

     Low power, broad band, very low electronics only noise     Low power, broad band, very low electronics only noise

��Compact/efficient pig, pulsed power ampsCompact/efficient pig, pulsed power amps  (100 A (100 A ptpptp))
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Near Future EMAT GoalsNear Future EMAT Goals

��Complete design/build for pull testsComplete design/build for pull tests
    Transducers, mounts, magnetic biasing    Transducers, mounts, magnetic biasing

       Drive/receive electronics Drive/receive electronics

��Run pull testsRun pull tests
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